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Abstract 
The aldol reaction is a widely used carbon bond forming reaction used 
throughout the fuel, polymer, and pharmaceutical industries. While a wide variety of 
catalysts are used in this reaction, one of the most efficient materials has been shown to 
be immobilized amines on mesoporous silica. The silica surface, which has a polar 
outer-sphere, creates a weakly acidic environment that cooperatively interacts with the 
polar/basic environment of the amine, leading to selective and efficient product 
formation. This work seeks to build on the current understanding of the primary amines 
by investigating the outer-sphere environment of secondary amines. By tuning acid-
base interactions secondary amines, efficient and selective product formation can be 
achieved. Initial data utilized gas chromatography to analyze conversion of the 
aldehyde, yielding 30% conversion after 3 hours. Using non-destructive testing 
methods, like nuclear magnetic resonance (NMR), it was discovered that the 
chromatography unit was not the appropriate method to use for this reaction. NMR data 
indicates the reaction follows first-order kinetics to achieve 100% conversion in 3 hours. 
Post-reaction characterization of the catalyst using TGA and FTIR-ATR reveals 
organic material adsorbing to the surface of the silica’s micropores. Therefore, the 
conversion obtained from using traditional mesoporous silica is not a true representation 
of reaction kinetics. By using a micropore-free silica, adsorption of organic material can 
be minimized without sacrificing catalyst performance.  
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1. Introduction 
The aldol reaction is an important carbon-carbon bond forming reaction used 
in pharmaceutical, polymer, and fuel industries to form more complex 
molecules.1 The reaction involves the addition of an (a) aldehyde and a (b) 
ketone to form the (c) α,β-unsaturated product and the (d) aldol adduct. The 
overall reaction can be seen in the figure below.  
   
1.1 Catalyst Evolution 
Since the introduction of the aldol reaction in the late 19th century, scientists 
have worked on developing more efficient and selective catalysts. Catalysts for 
this reaction have evolved from single component catalysts to homogeneous, 
bifunctional catalysts and most recently, to heterogeneous, bifunctional catalysts. 
1.1.1 Homogeneous Catalysis 
Homogeneous catalysts refer to a system in which the system and the active 
sites reside in one phase, most often, a liquid phase.3 They offer a number of 
appealing characteristics such as accessibility to the active site, and high 
selectivity. The simplest of the homogeneous catalysts are single component 
catalysts, namely, strong acids or bases. While single component catalysts 
perform well in catalyzing the reaction, a new type of catalyst, called a 
O2N
OH O
O2N
O
O2N
O
H +
O
+
(a)     (b)       (c)                (d) 
Scheme 1: Reaction between an (a) aldehyde, and (b) ketone to form a (c) α, 
β-unsaturated product, and (d) the aldol adduct 
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bifunctional catalyst, was discovered to more efficiently catalyze the aldol 
reaction. These materials use an acid-base cooperative pair to more efficiently 
catalyze the reaction than single component systems. The 
degree to which cooperative interactions take place is 
dependent on the type of functional groups present in the 
material.4 In the case of L-proline, the amine (-NH) provides 
the basic functional group that activates aldol donor molecules by turning them 
into highly reactive enamines.2 The carboxylic acid provides a hydrogen to bond 
to the acceptor and the enamine then attacks the carbonyl group of the aldehyde 
to produce the aldol adduct.1  
1.1.2 Heterogeneous Catalysis 
While homogeneous catalysts have been widely improved and used in 
industry, they face inherent disadvantages that include: short lifetime, low 
reusability, and further chemical separation to isolate the product.2 To overcome 
these limitations, heterogeneous analogs to L-proline have been developed and 
studied to optimize the design of cooperative heterogeneous catalysts.  
Primary (1°) amines immobilized to a mesoporous silica gel provided a 
valuable launch point to develop cooperative catalysts. Katz et al. first 
investigated the effects of the surrounding environment, or outer-sphere, on the 
activity of an immobilized primary amine on silica. By analyzing functional groups 
such as weakly acidic silanols, highly acidic alkyl chains, and moderately acidic 
nitrile functional groups, it was shown that silanols most effectively catalyzed the 
aldol reaction.8 
NH
O
OH
Figure 1: L-
Proline molecule 
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Despite the effectiveness of primary amines, the type of solvent can affect 
the way the amine behaves. An example is shown in scheme 2, where the 
acetone carbonyl nucleophilically attacks the amine group to form a 
carbinolamine.2 The compound can readily dehydrate to form a stable imine and 
keep the catalyst in a resting state.4  
To circumvent the limitations imposed by immobilizing primary amines, 
secondary amines offer an appealing alternative. In the case of immobilized 2° 
amines, the resulting carbinolamine can condense to form a highly reactive 
enamine intermediate.2 Similarly to the primary amine, this starts when the amine 
undergoes nucleophilic addition to form a carbinolamine. Due to the lack of a 
hydrogen atom on this intermediate, a stable imine cannot form. Instead, the 
carbinolamine produces the enamine intermediate. The proposed reaction 
Scheme 2: Formation of a stable imine2 
Scheme 3: Formation of a reactive enamine2 
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mechanism is shown in scheme 3 below.  
2. Methodology 
The focus of this work can be distilled into the following three techniques: 
material synthesis, material characterization, and kinetic testing.  
2.1 Material Synthesis 
 SBA-15 mesoporous silica was used as the heterogeneous support for 
this system. The silica was synthesized by first adding a 2M HCl solution to 4 g of 
a templating agent, pluronic acid (P123), and stirred at room temperature. 
Following the dissolution of P123, 7.71 g of tetraethyl orthosilicate (TEOS) was 
added drop-wise to the solution. The solution stirred at 40°C for 24 hours, and 
then kept at 100°C under static conditions for 24 hours. At the completion of 
these steps, the solution was vacuum filtered and washed with 300 mL of DI 
water. The final product was then oven dried overnight and calcined to remove 
P123, and result in a highly porous material.  
 Micropore-free SBA-15 (MPF-SBA-15) was synthesized by first adding 
5.05 g of P123 to a 225 mL solution of 1.33M HCl and stirred for 2.5 hours. It was 
then transferred to a 35°C bath, and 10.5 g TEOS was added drop-wise. After 24 
hours, the solution was transferred to two 200 mL Teflon-lined autoclaves and 
placed into an oven at 130°C under static conditions for 24 hours. The solution 
was then vacuum filtered and washed with DI H2O. It was then oven dried for 5 
hours prior to calcination.  
 To functionalize the resulting silica, 1 g of the material was degassed and 
suspended in 10 mL of toluene under an inert nitrogen atmosphere. A mixture of 
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0.0966 g of the organosilane, n-methylaminopropyltrimethoxysilane (NMAPTS), 
and 25 mL of toluene was added to the silica via a syringe and stirred at room 
temperature for 24 hours. Then 50 µL of DI water was added to the mixture and 
stirred at 80°C for 24 hours. The material was then filtered and washed with 100 
mL of toluene, 100 mL of hexane, and 100 mL of ethanol sequentially and dried 
under vacuum conditions. Functionalized SBA-15, henceforth labeled 2°AM-
SBA-15, and functionalized MPF-SBA-15, henceforth labeled 2°AM-MPF-SBA-
15, were then prepared for material characterization.   
2.2 Material Characterization 
 Material characterization is critical to ensuring the materials’ properties are 
in agreement with literature values. This study employs techniques such as 
nitrogen physisorption, and thermogravimetric analysis to capture the materials’ 
properties.  
2.2.1 Nitrogen Physisorption 
 Nitrogen physisorption (Micrometrics 3Flex Surface Characterization) was 
used to gather information on pore characteristics such as diameter, volume and 
material surface area. Bare SBA-15 (SBA-15) and functionalized SBA-15 (2°AM-
SBA-15) were characterized using nitrogen physisorption to ensure the materials’ 
properties fell into the expected range. To prepare the materials for analysis, a 
sample of 100 mg was placed in a physisorption tube and degassed at 100°C for 
24  hours.  
2.2.2 Thermogravimetric Analysis (TGA) 
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 Following the calcination of the SBA-15, 5-10 mg of the silica was inserted 
into a ceramic crucible to be analyzed by TGA (Netzsch STA 449 F5 Jupiter). 
Once confirmed that the SBA-15 did not contain residual templating agent, it was 
then functionalized with NMAPTS, and the process was repeated to obtain pre-
reaction organic weight loss. At the completion of the reaction, the catalyst was 
washed with an excess of hexanes, dried, and again tested through TGA to 
compare the pre- and post-reaction data.  
2.2.3 Fourier Transform Infrared Spectroscopy – Attenuated Total 
Reflection (FTIR-ATR) 
 Pre- and post-reaction materials were characterized using FTIR-ATR 
(Agilent Technologies) to determine if additional compounds adsorbed to the 
catalyst. To prepare the sample for testing, first the material was dried under 
vacuum. A small amount of the material, enough to fully coat the diamond 
crystal, was placed onto the instrument. Following the completion of the analysis, 
the material was removed and the instrument was prepared for the next sample.  
2.3 Kinetic Testing 
The reaction solution was prepared using 0.1288 g of 4-nitrobenzaldehyde 
(4-NBA), 64 µL of diethylene glycol dibutyl ether (DGDE), and 16 mL of acetone. 
The solution was briefly stirred to ensure uniform mixing. Aliquots were removed 
as described in 2.3.1 and 2.3.2 to analyze kinetic behavior.    
2.3.1 Gas Chromatography – Flame Ionization Detector (GC-FID) 
 Quantitative analysis was done using a GC-FID (Agilent Technologies 
7820A) to obtain data on reaction kinetics and conversion over time. To prepare 
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the samples to be tested in the GC-FID, an oil bath was first heated to 50°C, and 
a condenser was inserted into a drying oven. The condenser was then removed 
and purged with nitrogen while still warm to prevent the adsorption of water vapor 
to the condenser’s inner surface. While purging the condenser, a 5 mL aliquot of 
the reaction solution was placed into a 10 mL, 2-neck, round-bottom flask, and 
one neck capped with a septum. Then, 45 mg (10 mol%) of the catalyst was 
added to the solution. The reaction vessel was immediately placed in the oil bath 
and stirred at 800 RPM in a nitrogen atmosphere. Kinetic samples were collected 
via syringe at 0, 10, 20, 30, 60, 180 minutes, and 24 hours. Each sample 
collected was separated from the catalyst by filtering the solution through a silica 
gel bed in a cotton-plugged pipet. It was then washed with 2 mL of acetone in a 
GC vial to ready for analysis. 
The instrument was programmed to maintain the column temperature at 
50°C for 1 minute, then ramping the temperature at a rate of 25°C/minute until it 
reaches 300°C to hold for 4 minutes. The carrier gas was helium at 40 
mL/minute, and the hydrogen fuel was supplied at 400 mL/minute.  
Using GC-FID Data Analysis software, peaks corresponding to 4-NBA and 
DGDE were integrated. The corresponding areas were used to calculate 
conversion using the following equation: 𝐶 = 100 ∗ 1− !!!!    equation (1) 𝑤ℎ𝑒𝑟𝑒  𝑅!   𝑖𝑠  𝑡ℎ𝑒  𝑟𝑎𝑡𝑖𝑜  𝑜𝑓  𝑡ℎ𝑒  𝑎𝑟𝑒𝑎  𝑜𝑓  4− 𝑁𝐵𝐴  𝑡𝑜  𝐷𝐺𝐷𝐸  𝑎𝑡  𝑡𝑖𝑚𝑒  𝑡!  ,𝑎𝑛𝑑   𝑅!  𝑖𝑠  𝑡ℎ𝑒  𝑟𝑎𝑡𝑖𝑜  𝑜𝑓  𝑡ℎ𝑒  𝑎𝑟𝑒𝑎  𝑜𝑓  4− 𝑁𝐵𝐴  𝑡𝑜  𝐷𝐺𝐷𝐸  𝑎𝑡  𝑡𝑖𝑚𝑒  𝑡! 
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2.3.2 Quantitative Proton-Nuclear Magnetic Resonance (1H-NMR)  
 As with the GC-FID testing procedure discussed above, an oil bath was 
heated to 50°C. The reaction solution was prepared following the same 
procedure as the GC-FID method. A 7 mL aliquot of the solution was added to a 
20 mL pressure tube, followed by 55 mg (10 mol%) of the catalyst; the pressure 
tube was promptly capped and placed in the oil bath. The mixture was stirred and 
kinetic samples were collected using a micropipette at 0, 5, 20, 60, 120 and 180 
minutes and placed into a 20 mL vial. The samples were subsequently dried 
using a rotavap (Heidolph) at 30°C for 3 minutes. Deuterated chloroform (CDCl3) 
was then added to the vial, and the solution was transferred to a 1H-NMR tube 
for analysis. The data was collected using a 400 MHz 1H-NMR (Bruker) 
instrument and analyzed using TopSpin. Peak areas of 4-NBA and DGDE were 
used to calculate conversion using equation (1) above.  
 To more easily facilitate the analysis of the H-NMR spectra, the final 
reaction solution’s components were separated through flash column 
chromatography. A column with 1 inch ID was packed with non-porous silica to a 
height of 3 inches to serve as the stationary phase. A solution containing a 
volume ratio of 1:3 ethyl acetate (EA) to hexane (HX) was prepared and used to 
wet the silica before topping it with cotton. The reaction solution was diluted with 
the solution and inserted into the column. Then, the EA/HX solution was used to 
elute the column, and fractions were collected every 7 mL. The solution from 
each fraction was spotted using a capillary tube onto a thin layer chromatography 
(TLC) plate and inserted into 2 mL of the solution. The TLC plates were analyzed 
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under ultraviolet light, identical fractions were collected in a flask and evacuated 
through a rotavap to concentrate the product. CDCl3 was added to the flask and 
the solution was removed to analyze through 1H-NMR.  
3. Results 
 Following the synthesis of materials used in this reaction, a myriad of 
characterization techniques were performed to ensure the properties of the 
material were within range of expected results. Once these properties were 
confirmed, the catalyst was used for kinetic testing. Following the completion of 
the reaction, the catalyst was then collected for post-reaction characterization. 
The results for each of these tests are summarized below.  
3.1 Material Characterization  
One method used to determine the pore volume, diameter, and surface 
area was nitrogen physisorption.  When relating quantity of nitrogen adsorbed to 
relative pressure, a myriad of isotherm shapes can be produced. For 
mesoporous compounds, such as the silica used in this study, a type IV isotherm 
is produced. Figure 2 illustrates the isotherm observed for SBA-15 and MPF-
SBA-15. It is important to note the hysteresis present in each line; it exists 
because of capillary forces5 that are characteristic of the cylindrical pores of the 
SBA-15. The region between 0 – 0.2 relative pressure corresponds to the 
presence of micropores in the silica; a steeper slope in that region suggests that 
there are more micropores present in the silica.  
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In addition to analyzing the isotherm, Brunauer-Emmett-Teller (BET) 
surface area, and pore volume were used to characterize the materials. The 
results are summarized in the table below. The functionalized materials’ surface 
area and pore volume are expected to be lower than that of the bare materials’ 
as the NMAPTS immobilization fills more of the pore volume.  
Table 2: Characterization properties of SBA-15, 2°AM-SBA-15, MPF-SBA-15, 
and 2°AM-MPF-SBA-15 
Material BET Surface Area (m2/g) 
Pore Volume 
(cm3/g) 
SBA-15 810 0.97 
Expected6 600 - 900 0.9 – 1.1 
2°AM-SBA-15 550 0.65 
Expected6 400 - 600 0.8 – 1 
MPF-SBA-15 606 1.18 
Expected12 500-700 0.9 – 1.1 
2°AM-MPF-SBA-15 480 1.1 
Expected6 400-600 0.9 – 1.1 
 
 
Figure 2: Nitrogen physisorption isotherm for SBA-15 and MPF-SBA-15 
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3.2 Target Loading 
 Brunelli et al. reports that amine 
loading can significantly alter catalytic 
activity. Too low or too high of loadings 
lead to reduced catalytic activity.4 For 
the purpose of this study, the target 
loading was chosen as 0.5 mmol/g. A 
typical TGA graph for SBA-15 and 
2°AM-SBA-15 is shown in figure 3. 
Since silica is a highly porous material, 
water vapor from the atmosphere readily adsorbs to the surface. While the 
instrument raises the temperature from ambient conditions to 150°C, water 
desorbs from the silica and the material rapidly loses mass. As the instrument 
continues to increase temperature, organic materials begin to combust and the 
material again loses mass. Indeed, in figure 3, the black curve, corresponding to 
a functionalized silica, experiences a mass loss in the region from 150-900°C. 
This mass loss can be used to calculate the loading of the organosilane on the 
catalyst and is informative on how much material to use in kinetic testing. 
3.3 Conversion Plateau 
 Previous studies indicated that immobilized 2° amines were highly active 
in catalyzing the aldol reaction. Initially, the GC-FID was used to analyze the 
progression of the reaction. Literature reviews indicated immobilized 2° amines 
on mesoporous silica achieve complete conversion within 6 hours.9 Data 
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Figure 3: TGA of SBA-15 and 2°AM-
SBA-15 
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obtained from the GC-FID indicated 
that conversion plateaued upon 
reaching roughly 30% in 3 hours. To 
fully understand the behavior of the 
reaction under varying conditions, a 
control experiment with double the 
amount of catalyst was performed. 
The results can be seen in figure 4; 
the red curve represents the standard 10 
mol% of catalyst added to the system, while the black curve represents the 
reaction with 20 mol%.  One may expect the reaction to achieve an increase in 
the conversion by increasing the amount of catalyst used in the system. 
However, the data indicates a nearly complete overlap between both amounts of 
catalysts. To test if an inhibitory species was forming, the reaction mixture was 
analyzed using 1H-NMR. 
3.4 GC-FID versus 1H-NMR 
 1H-NMR was used to track the formation of the main products of the aldol 
reaction, as well as track the formation of inhibitory byproducts. Analysis of the 
peaks on the 1H-NMR spectra indicated the formation of the main products, with 
no indication of inhibitory byproducts. By using a quantitative approach using 1H-
NMR and DGDE as an internal standard, it was discovered that the reaction 
proceeded through pseudo-first order kinetics to achieve 100% conversion within 
3 hours as shown in the figure below.  
Figure 4: Kinetic testing with 10 
mol% and 20 mol% catalyst at 
50°C 
100
80
60
40
20
C
on
v e
rs
io
n 
(%
)
2015105
Time (hr)
 20 mol%
 10 mol%
	  13	  
  
 
It is hypothesized that the difference in results can be attributed to the 
limitations of the GC-FID in vaporizing the 4-nitrobenzaldehyde. The maximum 
temperature of the column in the GC-FID is 300°C, with an inlet temperature of 
250°C. Another hypothesis is that the high temperature is decomposing the 4-
nitrobenzaldhyde, as the decomposition temperature in air is reported to be 
226°C7. It is conclusive then the GC-FID was producing data that did not 
represent reaction kinetics.  
3.5 1H-NMR Spectrum Analysis 
 To more accurately analyze the 1H-NMR spectra, fractions from a silica-
packed chromatography column were collected and analyzed using 1H-NMR. As 
discussed in the introduction, the reaction between 4-nitrobenzaldehyde and 
acetone produces two products: the aldol adduct and the α, β-unsaturated 
product. By comparing against expected chemical shift data obtained from 
literature,10,12 both products were confirmed using 1H-NMR.  
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Figure 5: Comparison of kinetic testing 
results using GC-FID and 1H-NMR,,,,, 
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4-(4-nitrophenyl)-3-buten-2-one12 (figure 6): 1H-NMR 
(400 MHz, CDCl3) δ (ppm) 2.42 (s, 3H), 6.84 (d, 
1H), 7.55 (d, 1H), 7.70 (d, 2H), 8.27 (d, 2H).  
4-Hydroxy-4-(4’-nitrophenyl)-butan-2-one10 (figure 
7): 1H-NMR (400 MHz, CDCl3) δ (ppm) 2.22 (s, 3H), 
3.56  (d, 1H), 5.25 (m, 1H), 7.53 (d, 2H), 8.22 (d, 
2H). 
3.6 Pre- and Post-Reaction Characterization 
 It is important to characterize the post-reaction catalyst to compare 
against the pre-reaction material to ensure that the catalyst’s functional groups 
and physical characteristics remain consistent throughout the progression of the 
reaction. Pre- and post-reaction TGA tests for SBA-15 and MPF-SBA-15 were 
performed and summarized below. Figure 8(a) corresponds to SBA-15, and 
shows an organic mass loss of 2% in the organic region for the pre-reaction 
material, and 11% for the post-reaction material. In comparison, figure 8(b) 
shows that MPF-SBA-15’s organic mass loss increased by less than 1%. This 
data indicates that less organic material adsorbs to the MPF-SBA-15, suggesting 
that the presence of micropores contributes to the large amount of organic 
adsorption in the SBA-15.  
Figure 6: α, β-
Unsaturated Product 
O2N
OH O
O2N
O
Figure 7: Aldol Adduct 
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                                  (a)                                                           (b) 
 
Figure 8: TGA of pre- and post- reaction (a) SBA-15, and (b) MPF-SBA-15 
 
 Similar to the silica above, the functionalized materials suggest a larger 
increase in the organic mass loss in the 2°AM-SBA-15 in comparison to the 
2°AM-MPF-SBA-15. In the figure below, there is a 3% organic mass loss 
between the pre- and post-reaction 2°AM-SBA-15, while there is 0% change in 
the organic mass loss region between the pre- and post-reaction 2°AM-MPF-
SBA-15. 
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  To identify the species of the 
organic material adsorbed to the 
silica, FTIR-ATR was used. FTIR-
ATR shows that several species, 
most notably a nitro (-NO2, 
wavenumber: 1550, 1350) group, a 
conjugated aldehyde (-C=O, 
wavenumber: 1700), and , are 
present on the post-reaction SBA-15. 
The sharp peaks indicate the 
micropores in the silica play a role in 
hydrogen bonding the reactant to the silica surface.  
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Figure 10: FTIR-ATR of pre- and post-
reaction SBA-15 and MPF-SBA-15 
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Figure 9: Pre- and post-reaction TGA comparison of (a) 2°AM-SBA-15 and (b) 
2°AM-MPF-SBA-15 
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To further validate this hypothesis, the post-reaction materials were 
washed with acetone and vacuum filtered. The filtrate was then concentrated and 
analyzed through 1H-NMR. The starting material, 4-nitrobenzaldehyde, is present 
in the 1H-NMR spectra, along with the aldol adduct and dehydration product, and 
additional products not initially seen during kinetic sampling. The performance of 
the micropore-free catalyst does not decrease in comparison to the standard 
catalyst, as shown in the figure below. It is hypothesized that the adsorbed 
organic material is predominantly present in the micropores of the silica, and 
therefore the reactant cannot fully interact with catalytic active sites. This 
suggests that the conversion of the 2°AM-SBA-15 accounts for unreacted 
reactant that has adsorbed to the silica, and thus is not a true representation of 
reaction kinetics. It is hypothesized that since the MPF-SBA-15 and 2°AM-MPF-
SBA-15 do not experience adsorption of organic material in the micropores, the 
reactant is in full contact with the active sites, and provides an accurate 
representation of reaction kinetics. The results can be seen in the figure below.  
	  18	  
The TGA, FTIR, and 1H-NMR data shown throughout section 3.7 indicates 
the performance of the 2°AM-SBA-15 is not a true representation of reaction 
kinetics. Since the TGA of the 2°AM-MPF-SBA-15 shows no adsorption of the 
reactant, then one can conclude the kinetics of the MPF-SBA-15 material is more 
accurate.  
4. Conclusion 
 Developing bifunctional catalysts for the aldol reaction has the potential for 
substantial improvement in performance in relation to traditional, single 
component catalysts. The weakly acidic outer-sphere provided by the surface 
silanols can cooperatively interact with the basic environment of the immobilized 
amine. While previous studies have indicated the improved activity of 1° amines, 
this study sought to further understand how well 2° amines perform in 
comparison. Initial analyses using GC-FID indicated the reaction achieved 30% 
conversion in 3 hours with no increase in 24 hours, which is in stark contrast to 
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Figure 11: Reaction kinetics of 2°AM-SBA-15 and 2°AM-MPF-SBA-15 at 
50°C 
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reported literature. Upon further research, it was discovered that one of the 
reactants, 4-nitrobenzaldehyde, was decomposing during the GC-FID analyses. 
In analyzing reaction kinetics through 1H-NMR, it was discovered the reaction 
reached completion within 3 hours. Kinetic 1H-NMR spectra confirm the 
production of the aldol adduct and the α, β - unsaturated product follows a 
pseudo-first order kinetics route. Although this study is informative of the GC-
FID’s shortcomings, it also suggests the reactant and products are adsorbing to 
the surface of the SBA-15 through the surface silanols. Pre- and post-reaction 
characterization using TGA shows a larger organic mass loss in SBA-15 in 
comparison to 2°AM-SBA-15, indicating the surface silanols play a role in the 
degree of sorption of compounds. The TGA of the post-reaction MPF-SBA-15’s 
indicates the organic mass loss matches the pre-reaction mass loss, and 
illustrates that it is an appealing alternative to the standard SBA-15. 
 While this study confirmed previously reported results and expectations for 
immobilized 2° amines, it also paves the way for a wider array of endeavors for 
the research group. Specifically, it informs researchers of the limitations of using 
some analytical techniques, like the GC-FID, in tracking reaction kinetics for the 
aldol and similar reactions.  It can also provide insight for future endeavors in 
immobilizing homogeneous catalysts on a heterogeneous support to avoid 
organic material adsorption to the micropores.  
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